Aims/hypothesis Since it has been shown that polycystic ovary syndrome (PCOS) is highly inherited and characterised by insulin resistance, we hypothesised that male siblings of PCOS women would also be insulin resistant. Thus, our aim was to assess insulin sensitivity and metabolic parameters in brothers of women with PCOS and male control individuals. Methods Seventeen brothers of PCOS women and 28 male control volunteers were assessed with 75 g OGTTs and euglycaemic-hyperinsulinaemic clamps. PCOS index women were identified using criteria developed at the 1990 National Institutes of Health conference. Results Brothers and control individuals were similar in terms of BMI, waist circumference, percentage body fat and BP. However, brothers had increased triacylglycerol (p=0.02), plasminogen activator inhibitor-1 (PAI-1; p=0.02), factor VIII (p=0.02), 2 h glucose (p<0.001), AUC glucose (p<0.001) and AUC insulin (p<0.001). Insulin sensitivity was reduced by 38% in brothers (p<0.001), and this was primarily due to a 65% decrease in insulin-stimulated non-oxidative carbohydrate metabolism (p<0.001). These differences remained significant after adjustment for age and BMI, except for triacylglycerol, PAI-1 and fasting glucose. The main findings also persisted after excluding individuals with impaired glucose tolerance or diabetic siblings. Significant interactions with BMI status were found for sex hormone-binding globulin, androstenedione, PAI-1 and AUC insulin , which were significantly altered only in obese brothers (vs control individuals). Conclusions/interpretation Brothers of PCOS women are characterised by decreased insulin sensitivity and glucose tolerance, as well as hypercoagulability, independently of obesity. Therefore, brothers of PCOS women may have inherited the insulin resistance and metabolic syndrome typical of PCOS.
Introduction
Polycystic ovary syndrome (PCOS) is a prevalent disorder defined by hyperandrogenism, chronic anovulation and/or polycystic ovaries [1, 2] . It affects 6-10% of women of child-bearing age [3, 4] and is the most common endocrinopathy in these young women. Moreover, it is associated with an increased risk of developing hypertension, dyslipidaemia, impaired glucose tolerance (IGT) or type 2 diabetes, the metabolic syndrome and cardiovascular diseases [3, 4] .
Indeed, the prevalence of metabolic syndrome was found to be twice as high in PCOS women compared with the general US population (46 vs 23%) [5] . The prevalence of glucose intolerance (16-35%) and type 2 diabetes (2.5-17.7%) was also increased in PCOS women compared with normal US women of similar age (7.8 and 1%, respectively, in NHANES II) [3] . In addition, the prevalence of type 2 diabetes was four times as high in perimenopausal women with a history of PCOS compared with control individuals (32 vs 8%) [6] .
Increasing evidence supports the central role of insulin resistance and/or compensatory hyperinsulinaemia in the pathogenesis of PCOS [3, 4, 7] . Indeed, obese and lean women with PCOS display insulin resistance independently of BMI [3, 4, 8] , and administration of insulin-sensitising drugs such as metformin [3, 4] , troglitazone [3, 4] , or D-chiro-inositol [9, 10] to both obese and lean women with PCOS increases the frequency of ovulation and decreases circulating androgens.
Previous studies have found high incidences of familial clustering of PCOS, suggesting that PCOS may be a genetic disease [11] [12] [13] . However, little is known about PCOS genetics and studies have thus far been hindered by the lack of a male phenotype. Some studies have found increased risk of premature male pattern baldness in PCOS families [14] [15] [16] [17] , but a large study did not confirm this risk [18] .
Few studies have assessed the metabolic phenotype of relatives of women with PCOS [13, [19] [20] [21] [22] [23] [24] [25] , and only four of these assessed brothers [19] [20] [21] [22] . These studies showed hyperinsulinaemia or altered indirect indices of insulin resistance in brothers, sisters, mothers or fathers of women with PCOS. Moreover, a recent study found that sisters of PCOS women have an increased prevalence of the metabolic syndrome [24] . However, no previous study has determined insulin sensitivity using the 'gold standard' euglycaemichyperinsulinaemic clamp method in brothers of PCOS women and control participants. Assessment of male siblings is of particular interest because female siblings have been shown to have increased androgen levels, which might cause some degree of insulin resistance.
Therefore, we hypothesised that insulin resistance that characterises PCOS is inherited and thus male siblings of PCOS women have higher a degree of insulin resistance and markers of the insulin resistance syndrome. To test this hypothesis, brothers of women with PCOS and male control participants unrelated to PCOS women were assessed.
Methods
Participants Seventeen brothers of women with PCOS and 28 male control participants were recruited. PCOS index women were identified using established criteria [1, 2] , e.g. oligomenorrhoea (eight or fewer menstrual periods in the preceding year) or confirmed anovulation and hyperandrogenaemia (calculated free testosterone >50 pmol/l [1.4 ng/dl]). All had normal serum prolactin and thyroid function tests. Late-onset congenital adrenal hyperplasia was excluded by a serum 17α-hydroxyprogesterone level <10 nmol/l (3.0 μg/l) [26] . Pelvic ultrasound was not performed, and so this criterion of the 2003 Rotterdam consensus conference was not considered [1] . All PCOS probands were treated at the Reproductive Endocrinology Clinic of the Centre Hospitalier Universitaire de Sherbrooke (CHUS).
Our control group was a convenient sample of men selected in order to be comparable on average with brothers of women with PCOS for age and BMI. They were recruited from hospital personnel, students at the Université de Sherbrooke or following an advertisement in Sherbrooke city newspapers. No control individual had any first-degree relatives with a known diagnosis of PCOS, or features of PCOS, based on interview.
All participants were in good health, aged between 18 and 40 years, with BMI between 19 and 40 kg/m 2 , and had never used insulin-sensitising drugs or medications that affect insulin sensitivity. Control individuals and brothers with type 2 diabetes according to interview, fasting glucose or 75 g OGTT were excluded. One brother and one control participant were on a lipid-lowering drug (statin), and their lipid profiles were excluded from all analyses. The study was approved by the Human Research Ethics Committee of the CHUS and all participants gave their written informed consent.
Study protocol All procedures were performed at the Centre de Recherche Clinique Etienne-Le Bel of the CHUS. During the first study visit, a complete medical and familial history was recorded and a physical examination was performed, including lean body mass by standing electrical bioimpedance (model no. TBF-300A; Tanita Corporation, Tokyo, Japan). Waist circumference was measured with a flexible tape midway between the last rib and iliac crest, at the end of a normal expiration. BP was recorded following a 5 min rest period in the sitting position. Fasting blood samples were drawn for determination of plasma steroids, metabolic evaluation and safety blood tests (complete blood count, electrolytes, creatinine, liver function tests, calcium, phosphorus). At approximately 09:00 hours, a standard OGTT was performed by administering 75 g glucose orally and the AUCs for glucose and insulin response curves were calculated by the trapezoidal rule using absolute values. Finally, participants were instructed to maintain an isocaloric standard diet for 48 h prior to the euglycaemic-hyperinsulinaemic clamp [27] .
At least 2 days later, after a 12 h overnight fast, insulin sensitivity was directly determined using the euglycaemichyperinsulinaemic clamp as previously described [28, 29] ), as follows: M value−CHox [27, 30] .
Assays Blood samples were assayed by the biochemistry core laboratory of the CHUS, except for highly sensitive C-reactive protein (hsCRP) that was assayed in the laboratory of J.-P. Baillargeon at Université de Sherbrooke, Sherbrooke, QC, Canada. Total testosterone, androstenedione and 17α-hydroxyprogesterone levels were assayed by RIA (Diagnostic Systems Laboratories, Webster, TX, USA). Sex-hormone binding globulin (SHBG) was assayed by IRMA and dehydroepiandrosterone sulphate (DHEAS) and insulin by RIA (Diagnostic Products, Los Angeles, CA, USA). Serum free testosterone was calculated by the method of Sodergard et al. using a serum albumin concentration of 40 g/l (4.0 g/dl) [31] . Oestradiol, progesterone, folliclestimulating hormone, luteinising hormone, thyrotrophin and prolactin were measured by chemiluminescent immunoassay on an automated ADVIA Centaur analyser (Bayer HealthCare, Toronto, ON, Canada). Glucose was assayed using a bedside Beckman Coulter Glucose Analyzer II (Beckman Coulter Canada, Mississauga, ON, Canada). Total cholesterol, triacylglycerol and HDLcholesterol were measured by chemiluminescent immunoassay on an automated Vitros analyser (Ortho-Clinical Diagnostics, Missisauga, ON, Canada). LDL-cholesterol was calculated using the Friedewald equation [32] . Fibrinogen was assayed by the modified Clauss technique using BCS kits (Behring Coagulation System, Netwark, DE, USA). Plasminogen activator inhibitor-1 (PAI-1) and factor VIII levels were determined by ELISA (Diagnostica Stago, Asnières-sur-Seine, France). Factor VIII is a clotting factor of the intrinsic coagulation cascade that has been associated with a prothrombotic state and the metabolic syndrome [33, 34] . hsCRP was measured by ELISA (Alpha Diagnostic International, San Antonio, TX, USA). Inter-and intraassay CV values were <7.5% for insulin, <5% for hsCRP, <10% for total testosterone and <8.5% for all other steroid hormones.
Statistical analyses
Results not normally distributed were log e -transformed in order to normalise their distribution for all statistical analyses, and are reported herein backtransformed in their original units (geometric means with interquartile range). Other results are reported as means ± SD. A p value of ≤0.05 was considered significant for all analyses, which were performed using JMP 4.0 software (SAS Institute, Cary, NC, USA).
Variables were compared between groups using twotailed unpaired t tests, except for proportions of IGT and metabolic syndrome, which were compared using twotailed Fisher's exact tests. In Table 1 , data from PCOS index women are provided in order to illustrate the characteristics of our population and no statistical comparison with the other groups was made. Only available data obtained while the women were not under oral contraceptive, anti-androgen or insulin-sensitising treatments are reported.
Since potential differences in age or obesity might affect the results, each variable difference between groups was adjusted for age and BMI using multiple linear regression analyses. These adjusted p values are reported in Table 1 . Of note, due to our sample size no more than two or three co-variables could be included in this model (i.e. a maximum of four or five parameters, including the intercept and group status, for a total of 45 participants). Moreover, it has been previously shown in PCOS women that obesity (i.e. BMI status) was a significant modifier of the relationship between PCOS status and many metabolic parameters [8, 35] . Thus, we performed multiple linear regression analyses for all variables in Table 1 with group status, BMI status and the interaction between group status and BMI status as independent parameters. BMI status was based on median of BMI for all participants, i.e. BMI ≤26.5 kg/m 2 or BMI >26.5 kg/m 2 . As mentioned in the footnotes of Table 1 , the adjusted p value should be interpreted with caution when there is a significant interaction, which means that obesity is a significant modifier of the relationship between group status and the dependent variable of Table 1 . To appropriately assess significant interactions, subgroup analyses by BMI status were performed and are reported in Table 2 , as well as age and BMI. It is not pertinent to perform subgroup analyses for other variables because the absence of interaction indicates no significant modifying effect of BMI status. Due to reduced power of such analyses, results could be misinterpreted.
When planning the study, we determined that 19 participants per group would give our study 85% power to detect the same difference in insulin sensitivity as the difference observed between healthy male participants with or without at least two first-degree relatives with type 2 diabetes [36] . This previously published study used the same clamp technique as ours and we expected that the degree of insulin resistance in PCOS brothers would be at least as high as in this high-risk population. The power calculation of our study based on 28 control individuals and 17 brothers and using the same data was 88%.
Results
Clinical characteristics and levels of sex steroids The clinical characteristics of the 17 brothers of women with PCOS and 28 male control participants are presented in Table 1 . All participants were white of European origin. Age, BMI, waist circumference and total fat percentage were comparable between groups. Systolic BPs were similar, but diastolic BPs tended to be increased in brothers, although not quite Results are expressed as means ± SD, unless indicated otherwise. To convert values for total testosterone to ng/dl, divide by 0.0347; for SHBG to μg/dl, divide by 34.7; for free testosterone to ng/dl, divide by 34.7; for androstenedione to ng/ml, divide by 3.492; for DHEAS to μg/dl, divide by 0.027; for triacylglycerol to mg/dl, divide by 0.0113; for cholesterol to mg/dl, divide by 0.0259; for glucose to mg/dl, divide by 0.0556; and for insulin to μIU/ml, divide by 6.945. The normal ranges for ovulatory women are as follows: total testosterone <2.4 nmol/l; SHBG >22 nmol/l; and calculated free testosterone <50 pmol/l Fat % percentage total fat mass by bioimpedance a Two-tailed unpaired t tests, except for proportions of glucose intolerance and the metabolic syndrome, which were compared using two-tailed Fisher's exact tests b Adjustment for age and BMI (as continuous variables) c p value should be interpreted with caution because there was a significant interaction between group status and BMI status (BMI ≤26.5 kg/m 2 or >26.5 kg/m 2 , based on the median of BMI for all participants); please see Table 2 for appropriate analyses following this interaction d Free testosterone was calculated by the method of Sodergard et al. [31] e Log e -transformed for analyses and results are expressed as geometrical means with interquartile ranges significantly (p=0.06). Three brothers reported a history of type 2 diabetes in first-degree relatives vs one in the control group (18% vs 4%, p=0.14).
Free testosterone levels were comparable between groups, but there was a trend for lower SHBG levels in brothers, and consequently lower total testosterone levels (p=0.16 and p=0.13 for SHBG and total testosterone, respectively). Androstenedione and DHEAS were also similar in both groups. Finally, female index cases with PCOS were obese on average (BMI >30 kg/m 2 ) and had higher diastolic BP than both brothers and control participants. As expected, their total and free testosterone levels were higher than the upper limit of normality for our laboratory (2.4 nmol/l [70 ng/dl] and 50 pmol/l [1.4 ng/dl], respectively).
Metabolic measurements, insulin sensitivity and total-body carbohydrate metabolism Fasting triacylglycerol levels were significantly increased in brothers compared with control participants (p=0.02), with borderline increased ratios of total cholesterol to HDL-cholesterol (p=0.09; Table 1 and Fig. 1 ). However, HDL-cholesterol and LDLcholesterol levels were comparable. hsCRP was not increased in brothers. With regard to prothrombotic factors, PAI-1 (p=0.02) and factor VIII (p=0.02) were significantly increased in brothers compared with control individuals, but not fibrinogen. Interestingly, fasting glucose levels as well as 2 h glucose levels and the AUC glucose during the OGTT were all significantly increased in brothers (p=0.02, p<0.001 and p<0.001, respectively), indicating decreased glucose tolerance. Three (18%) brothers had IGT as opposed to no control participants (p=0.05). Only one of these three brothers reported having a first-degree relative with type 2 diabetes. The proportion of metabolic syndrome, as defined by the US National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) guidelines [37] , was more than doubled in brothers compared with control participants (18 vs 7%), but this difference was not statistically significant.
Sisters with PCOS had higher levels of triacylglycerol, fasting glucose and 2 h glucose during the OGTT than male control individuals, but in ranges comparable with their brothers. However, the proportion with metabolic syndrome (61%), as defined by NCEP-ATP III, was much higher in sisters than both control participants and brothers. As expected in females, women had higher HDL-cholesterol than male control individuals and brothers. Finally, 14% of PCOS sisters had abnormal glucose tolerance.
Fasting insulin levels were increased in brothers, although not significantly, but AUC insulin was almost doubled compared with control participants (p<0.001). Insulin sensi- Fig. 1 Total-body carbohydrate metabolism, as determined by indirect calorimetry, in unselected subgroups of brothers of women with PCOS and male control participants. Closed bars, brothers; open bars, male controls. *p<0.001 vs male controls (two-tailed t tests); †p≤0.001 vs male controls after adjustment for age and BMI (multiple linear regression analyses); no significant interaction between BMI status and group status was found tivity (M value) was significantly decreased by 38% in brothers of PCOS women compared with male control individuals (p<0.001). Finally, basal and insulin-stimulated CHox were not significantly different in this subgroup of brothers (n=13) compared with a subgroup of control participants (n=22; Fig. 1 ). However, insulin-stimulated CHnox was significantly decreased by 65% in brothers compared with control individuals (p<0.001).
Adjustments for age and BMI All variable differences between groups presented in Table 1 were adjusted for age and BMI using multiple linear regression analyses. Resulting partial p values for the group status effect are reported as 'adjusted p values' ( Table 1 and Fig. 1 ). After these adjustments, levels of factor VIII (p=0.01) and 2 h glucose (p<0.001), as well as AUC glucose and AUC insulin during the OGTT (p<0.001 and p=0.001, respectively), were still significantly different between the two groups, but differences in triacylglycerol, PAI-1 and fasting glucose levels were no longer significant (p=0.08, p=0.06 and p=0.06, respectively). However, non-significant results for SHBG, androstenedione, PAI-1 and fibrinogen levels, as well as significant result for AUC insulin , should be interpreted with caution due to interactions between BMI status and group status (see following section). Insulin sensitivity and CHnox were also significantly reduced in brothers compared with control individuals after adjustment (p<0.001 and p=0.003, respectively; Table 1 and Fig. 1 ). Significant interactions found during these analyses are reported in Table 1 (see  footnotes) and were subjected to subgroup analyses based on BMI status (see below).
Subgroup analyses based on BMI status Subgroup analyses were performed for all variables that demonstrated significant interactions between BMI status and group status following multiple linear models (Table 2 ). These tests were stratified according to the median for BMI (≤ or >26.5 kg/m 2 ) in all participants. The subgroup with a BMI ≤26.5 kg/m 2 included seven brothers and 15 control participants, and the one with BMI >26.5 kg/m 2 comprised ten brothers and 13 control participants. As shown in Table 2 , ages and BMIs were quite close between brothers and control participants in both BMI strata. However, PAI-1 and AUC insulin were significantly increased and SHBG and androstenedione significantly decreased only in brothers from the obese group (vs obese control individuals). Fibrinogen levels tended to be higher in obese brothers compared with obese control participants, although this was not significant. There was no such trend in non-obese participants.
Post hoc analyses To ensure that PCOS brothers with IGT or family history of type 2 diabetes (first-degree) were not driving our results, we excluded the five brothers with these characteristics, as well as the one male control individual who had a positive family history, and repeated all analyses. The conclusions were unchanged, except for higher levels of triacylglycerol and PAI-1 that were no longer significant (data not shown). Importantly, differences in fasting glucose, 2 h glucose, AUC glucose , AUC insulin , M value and CHnox persisted after excluding these six participants, even after adjustment for age, BMI and the interaction between BMI and group status (adjusted p=0.02, <0.001, <0.004, <0.02, <0.02 and <0.02, respectively; no significant interaction; data not shown). Following these post hoc analyses, interactions persisted only for factor VIII and AUC insulin . Similarly, the conclusions were identical when all analyses were repeated after averaging the results of two brothers of the same family (only one pair of brothers).
Discussion
The aim of this study was to test the hypothesis that male siblings of women with PCOS exhibit insulin resistance and altered metabolic parameters independently of obesity, as already described in PCOS. We found that brothers of women with PCOS had a 38% decrease in insulin sensitivity (M value) associated with decreased tolerance to glucose, hypertriacylglycerolaemia, hypercoagulability (increased PAI-1 and factor VIII levels) and post-glucose challenge hyperinsulinaemia compared with male control individuals with similar anthropometric parameters on average. Furthermore, indirect calorimetry performed in a subgroup of the participants demonstrated that insulinstimulated glucose disposal (M value) was primarily altered in its non-oxidative metabolism, which was decreased by 65% in brothers. These abnormalities persisted even when corrected for subtle differences in age and BMI between the brothers and male control participants, except for triacylglycerol. Therefore, we demonstrated that brothers of women with PCOS display insulin resistance, glucose intolerance and many anomalies characteristic of the insulin resistance syndrome.
Multiple linear regression analyses also provided evidence for significant modifying effects of obesity. Indeed, SHBG, PAI-1 and glucose-stimulated insulin levels were mainly altered in obese brothers, compared with obese control participants. These results suggest a synergistic effect of heredity and acquired obesity for the development of the observed metabolic abnormalities. Lower androstenedione levels in obese brothers suggest that higher insulin resistance and hyperinsulinaemia associated with obesity might cause a decrease in androgen production in men. The absence of interaction for all other variables demonstrates that brothers are characterised by metabolic anomalies regardless of obesity.
Another major and novel finding of the present study is that glucose intolerance, which results from relative beta cell dysfunction [38] , is manifest in brothers of women with PCOS irrespectively of the degree of obesity. Only one previous study reported on glucose tolerance during OGTT in brothers of PCOS women and did not find a significant alteration [22] . One could argue that this discrepancy might be explained by more prominent beta cell dysfunction in the index women with PCOS, due to selection biases for example. But the proportion of abnormal glucose tolerance in proband women with PCOS in our study (15%) was not high compared with published data (>16%) [3] .
It has been shown that approximately 50% of sisters of women with PCOS are affected by hyperandrogenaemia and/or polycystic ovaries [11] [12] [13] , suggesting that this disorder is highly inherited. Because of the potential role of insulin resistance or insulin action in the pathophysiology of PCOS, it is possible that the apparent inheritance of this syndrome reflects a familial predisposition to develop insulin resistance. This is the rationale for assessing brothers of women with PCOS in order to determine if they are also affected by abnormal insulin action.
To the best of our knowledge, nine studies have previously assessed the metabolic phenotypes of relatives of women with PCOS [13, [19] [20] [21] [22] [23] [24] [25] 39] . The first of these studies concluded that glucose-stimulated hyperinsulinaemia was frequent in sisters (n=24) and brothers (n=5) of PCOS probands [19] . A large study by Legro et al. [13] confirmed that fasting insulin levels were elevated in 307 sisters of PCOS women, compared with 47 control participants. Two other studies [20, 22] have also found that sisters and brothers of women with PCOS have significantly higher insulin levels (fasting or during OGTT) and homeostasis model assessment insulin resistance compared with control individuals. Finally, a recent study demonstrated that sisters of PCOS women have increased prevalence of the metabolic syndrome [24] .
Only one small study, to the best of our knowledge, has directly measured insulin sensitivity. This study [21] used a short insulin tolerance test in a small high-risk population from India and demonstrated decreased insulin sensitivity in non-diabetic brothers (n=10) of PCOS women compared with non-diabetic male control participants (n=10). Notably, insulin tolerance tests are not recognised as 'gold standard' methods to measure insulin sensitivity [28] . Our study is the first to show impaired total-body insulin sensitivity and insulin-stimulated non-oxidative glucose metabolism in brothers of women with PCOS women independently of a difference in obesity using a euglycaemic-hyperinsulinaemic clamp and appropriate control participants.
Similar alterations of insulin sensitivity and non-oxidative glucose metabolism, with preservation of oxidative metabolism, have also been described in glucose-tolerant firstdegree relatives of patients with type 2 diabetes [40] . Our results are also comparable with the findings of reduced insulin sensitivity without evidence of inflammation (normal levels of hsCRP) in non-obese participants with two relatives with type 2 diabetes or one relative plus a personal history of gestational diabetes, compared with control individuals [41] . It has been estimated that 51% of participants with one first-degree relative affected with type 2 diabetes [42] , and 76% of those with two affected firstdegree relatives [43] , will ultimately develop type 2 diabetes. Thus, even if 82% of our brothers of PCOS women did not have a first-degree relative with type 2 diabetes, our results showed that they display early metabolic defects similar to those individuals at very high risk of developing type 2 diabetes.
Although our main conclusions are supported by highly significant results and robust statistical analyses, our study design has some limitations that should be discussed. First, this is not a genetic or family study. Due to the complexity of clamp studies, it was not possible to assess all members of affected and non-affected families. Only volunteers could be studied. Thus, the sample size was more limited than in family studies and control participants were recruited based on a convenient sampling. Accordingly, control participants are not necessarily representative of the general male population of this age and population prevalence cannot be determined. Furthermore, inference from the brothers' group to all PCOS brothers might be less robust in the context of a smaller sample size. However, age and BMI were similar in both groups, and the results were highly significant due to the use of precise measures (clamp studies), which are strengths of this study.
Another limitation of our study is the absence of IGT and only one participant with a first-degree family history of type 2 diabetes in our control group. IGT is relatively rare in this age group (7.8% in NHANES II [3] ), but we might have unintentionally selected healthier control individuals than expected. In order to assess the impact of these findings on our conclusions, we excluded participants with IGT (three brothers) or with siblings affected by type 2 diabetes (two more brothers and one control individual). These analyses did not change remarkably the results compared with analyses performed in the total group of participants. These post hoc analyses underscore the robustness of our conclusions. Finally, we did not seek the presence of type 2 diabetes in second-degree relatives of our male control participants. Thus, it is not possible to assess the impact of this more distant genetic risk factor for metabolic disorders.
In conclusion, we demonstrated that brothers of women with PCOS are characterised by reduced insulin sensitivity, decreased glucose tolerance and dyscoagulability independent-ly of the degree of obesity compared with control participants. Therefore, brothers of PCOS women may have inherited the insulin resistance and metabolic syndrome typical of PCOS. Finally, we defined a new and clinically relevant model for research on the physiological causes of insulin resistance and early steps in the development of type 2 diabetes. Extrapolating from the risk conferred by insulin resistance in other populations, our results suggest that first-degree male relatives of women with PCOS may have a very high risk of developing type 2 diabetes and related metabolic disorders. Follow-up studies to determine the proportion of brothers who develop type 2 diabetes would be highly desirable.
